Background: Although early diagnosis and prompt treatment is an important strategy for control of malaria, using fever to initiate presumptive treatment with expensive artemisinin combination therapy is a major challenge; particularly in areas with declining burden of malaria. This study was conducted using community-owned resource persons (CORPs) to provide early diagnosis and treatment of malaria, and collect data for estimation of malaria burden in four villages of Korogwe district, north-eastern Tanzania. Methods: In 2006, individuals with history of fever within 24 hours or fever (axillary temperature ≥37.5°C) at presentation were presumptively treated using sulphadoxine/pyrimethamine. Between 2007 and 2010, individuals aged five years and above, with positive rapid diagnostic tests (RDTs) were treated with artemether/lumefantrine (AL) while under-fives were treated irrespective of RDT results. Reduction in anti-malarial consumption was determined by comparing the number of cases that would have been presumptively treated and those that were actually treated based on RDTs results. Trends of malaria incidence and slide positivity rates were compared between lowlands and highlands. Results: Of 15,729 cases attended, slide positivity rate was 20.4% and declined by >72.0% from 2008, reaching <10.0% from 2009 onwards; and the slide positivity rates were similar in lowlands and highlands from 2009 onwards. Cases with fever at presentation declined slightly, but remained at >40.0% in under-fives and >20.0% among individuals aged five years and above. With use of RDTs, cases treated with AL decreased from <58.0% in 2007 to <11.0% in 2010 and the numbers of adult courses saved were 3,284 and 1,591 in lowlands and highlands respectively. Malaria incidence declined consistently from 2008 onwards; and the highest incidence of malaria shifted from children aged <10 years to individuals aged 10-19 years from 2009. Conclusions: With basic training, supervision and RDTs, CORPs successfully provided early diagnosis and treatment and reduced consumption of anti-malarials. Progressively declining malaria incidence and slide positivity rates suggest that all fever cases should be tested with RDTs before treatment. Data collected by CORPs was used to plan phase 1b MSP3 malaria vaccine trial and will be used for monitoring and evaluation of different health interventions. The current situation indicates that there is a remarkable changing pattern of malaria and these areas might be moving from control to pre-elimination levels.
Background
Malaria remains a public health problem despite the current reports which indicate that there has been a decline of malaria burden in various parts of subSaharan Africa [1, 2] . The changing pattern of malaria has been attributed to the wide use of insecticidetreated nets (ITNs), indoor residual spraying (IRS), availability of prompt diagnosis and treatment with effective anti-malarial drugs, the artemisinin combination therapy (ACT). However, misdiagnosis and delays to seek treatment have been identified to be among the major causes of death due to malaria. To address these shortfalls, the Roll Back Malaria Initiative recommends early case management based on early diagnosis and treatment within 24 hours of onset of initial symptoms of malaria, as the best strategy for malaria control by halting the progression of malaria infection to severe form of the disease and deaths [3] .
In sub-Saharan Africa, where health resources are limited, fever has been used as a cornerstone for instituting presumptive treatment of malaria [4] [5] [6] and it is an important component of the guidelines for integrated management of childhood illnesses (IMCI) [7] and home management of malaria [8] . However, with a declining malaria burden in some areas in Africa, dependency on fever as a marker of malaria infection may be compromised by altered sensitivity and specificity due to low levels of malaria prevalence in the community [4, 9] . Furthermore, with most sub-Saharan countries changing to ACT as first-line anti-malarials, it is imperative that confirmation of malaria parasites is done before prescribing these expensive drugs, as recommended by the World Health Organization (WHO) [10] . Case treatment based on laboratory tests will potentially reduce over-use of ACT, costs of case management, drug pressure and thus delay the emergence of drug resistance. However, in lowresourced countries, case management based on laboratory diagnosis is difficult to realize due to unavailability of laboratory facilities, including skilled microscopists [11] . Therefore, simple but effective innovative options for malaria management should be devised, especially in rural settings with limited access to laboratory services.
In a recent study on malaria epidemiology, Mmbando et al. [12] observed a lower prevalence of malaria and anaemia in the villages where community-owned resource persons (CORPs) were offering early diagnosis and treatment of malaria. In CORPs strategy, minimally trained community health workers have been used for the management of uncomplicated malaria using firstline anti-malarial drugs based on fever as a guide to start treatment [13] . Furthermore, Hopkins et al. [8] reported that when health workers with minimal training are used at community level, they can be useful for the provision of early diagnosis and treatment of malaria and collection of epidemiological data. Thus, a system for passive case detection of fever was initiated in 2006 in four villages (two in the lowlands and two in the highlands) in Korogwe district, north-eastern Tanzania, using CORPs to provide early diagnosis and treatment of malaria, and collect data for estimation of malaria burden. The information obtained was used in planning phase 1b MSP3 malaria vaccine trial and will be used for monitoring other health interventions.
Methods

Study area and population
The study was conducted in Korogwe district, northeastern Tanzania. The district is located between latitudes 4 15' and 5 15'S, and longitudes 38 0 and 38 45'E. The district profile and details of the study area have been described elsewhere [12, 14] . The study involved four villages (Mng'aza and Kwashemshi in the lowland stratum, and Kwamhanya and Magundi in the highland stratum) which are part of 14 villages under Korogwe Demographic Surveillance System (DSS) [14] . In this part of Tanzania, lowlands are characterized by high malaria compared to highlands which have low malaria transmission [12, [15] [16] [17] [18] .
Selection of study villages, recruitment, training and supervision of community-owned resource persons (CORPs)
The study villages were selected in October 2005 as described elsewhere [12, 14] . Thereafter, meetings were held with village members to seek community ascent and engagement as previously described [19] . Suitable candidates for the posts of community-owned resource persons (CORPs) that met specified criteria, including at least primary/secondary education and good relationship with community members, were recruited with the support of village leaders of the study villages. Individuals recruited received monthly payments based on the National Institute for Medical Research (NIMR) staff regulations to compensate for their time.
The selected candidates were trained in November 2005 in basic skills for the provision of early diagnosis and treatment of fever cases with first-line anti-malarials. After the training, they were deployed to their respective posts and provided with standard operating procedures (SOPs) and guidelines developed in the national language of Kiswahili. The SOPs and guidelines provided simple and clear instructions on how to complete a morbidity questionnaire: by taking records of body weight, patients' history, body temperature (using a digital thermometer) and collecting finger prick blood for preparation of blood smears. In addition, CORPs were given instructions on how to perform a rapid diagnostic test (RDT) for detection of malaria parasites, provide treatment for malaria, and referrals to the next level of health care for cases they could not handle. Further retraining of CORPs was done in December 2006 just before the introduction of RDTs and artemether-lumefantrine (AL).
Weekly supervision of COPRs' activities was done by a clinician and a laboratory technician from Tanga Centre. During supervision, the team discussed with CORPs their performance and assessed the progress of their activities in order to rectify any anomaly. Actions taken and on-job training support provided to CORPs were recorded on the supervision checklist. All essential supplies and medications were delivered to CORPs during supervision. A checklist was used to assess the performance of CORPs on three main criteria, including filling of morbidity questionnaire, organization of working areas (including arrangement of working tools, handling of SOPs and waste disposal) and preparation of blood smears for detection of malaria parasites. Scores ranging from 1 (poor) to 4 (excellent) were used to rank the performance of CORPs on different items under the above broad categories and the maximum score that could be attained was 44.
Malaria case management
All cases attended by CORPs had morbidity questionnaires completed and blood smears taken for parasite detection by microscopy, which was done later in the laboratory at NIMR -Tanga Centre. For treatment of febrile cases, kits with first-line anti-malarials, paracetamol, and other basic items were supplied to CORPs. Treatment was done with first-line anti-malarials based on the national guidelines for treatment of uncomplicated malaria [20, 21] . Sulphadoxine-pyrimethamine (SP) was used until January 2007 while AL was introduced in February 2007.
From January 2006 to January 2007, all individuals reporting to CORPs were presumptively treated with SP. Following introduction of AL, together with RDTs, all under-fives were treated with AL irrespective of RDT results, while those aged five years and above received treatment only if they had positive RDTs. RDTs employed were Paracheck W or Parahit W , as described previously [22] . Blood smears were collected during weekly supervision and processed later in the laboratory as described elsewhere [22] . Referrals were made to health facilities, including Korogwe district hospital, for further investigations and management of cases that could not be handled by CORPs.
Anti-malarial consumption pattern
In the absence of RDTs, all cases with a history of fever in the past 24 hrs or fever (axillary temperature of ≥37.5°C
) at presentation attended by CORPs were given medication based on clinical diagnosis. To determine the anti-malarial dispensing pattern before and after introduction of RDTs, the number of cases that would have been treated in the absence of RDTs and the actual number treated based on RDT results, were compared. The number of anti-malarial tablets saved was calculated by subtracting the actual number of tablets dispensed from those that would have been dispensed in the absence of RDTs. Adult courses of anti-malarials saved were obtained by dividing the number of tablets saved by 24, which is a full dose of AL for individuals weighing ≥35 kg. The number of cases treated in 2006 (before introduction of RDTs and AL) was used as a reference.
Data management and analysis
Data were managed using Microsoft Access software and were double entered for the purpose of validation and the analysis was carried out using STATA version 11 (STATA Corp Inc., TX, USA). Malaria incidence rate was computed by dividing the number of positive cases by person years of follow-up. The person years of follow-up time was calculated using data collected by the Korogwe DSS. Proportions were compared by Chi-square test and Poisson regression was used to compare the incidence of malaria across age groups and strata. P-value < 0.05 was considered significant.
Ethical consideration
This study was conducted as part of a larger project, which received ethical clearance from the Medical Research Coordination Committee (MRCC) of NIMR. The study protocol was presented and discussed with the district authorities, and community engagement and participation were conducted as described elsewhere [19] . Individual cases and parents/guardians of children attended by CORPs were asked for oral and written informed consent which was signed and documented on a small section located on the top of the morbidity questionnaire.
Results
Malaria case management
During the five years of follow-up, a total of 15,729 cases were attended by CORPs in both lowland (10,585) and highland (5,144) villages. Of these, 4,766 (30.3%) had fever (axillary temperature ≥37.5°C) at presentation. Children aged less than five years accounted for 23.1% of all cases (25.4% and 18.2% from the lowlands and highlands, respectively). The proportion of under-fives increased significantly over the study period in both lowlands and highlands (p < 0.001, Table 1 ). Under-fives with fever at presentation were 1,286 (47.8%) from lowland and 417 (44.7%) from highland villages.
Based on microscopy, 20.4% of the cases attended were positive for malaria parasites; and this was significantly higher in the lowlands (22.0%) compared to the highlands (17.2%, p < 0.001). Both the total number of cases attended and the proportion with malaria parasites declined over the study period (Table 1) . A remarkable decline of slide positivity rate (more than 72.0%) was observed from 2008 and remained at <10%. The slide positivity rates were similar in the lowlands and highlands from 2009 onwards (Table 1 and Figure 1) . However, the proportion of cases with fever at presentation declined slightly, but remained at >40% in under-fives and >20% among individuals aged five years and above throughout the study period (Figure 1a and b) . Among cases with fever at presentation, only 33.4% had malaria parasites. The risk of developing fever was 3.3 times higher for individuals with malaria parasites compared to those without parasites after adjusting for the effect of strata, age and year of follow up (p < 0.001). The performance of CORPs was assessed once weekly from the second week of March 2006 and covered a total of 250 weeks up to December 2010. Of the four CORPs assessed (one from each of the study villages), the mean number of assessments was 244 weeks (ranged from 241 to 247 weeks). The mean overall score of CORPs was 94.3% (range, 75.0% to 100%). The highest mean score was 95.2% in 2007 while the lowest was 93.6% in 2010. For each of the CORPs, the highest overall score was 96.1% while the lowest was 93.3%.
Malaria incidence
Overall, a total of 2,858 episodes of malaria were detected in an at-risk population of 29,301 person years (PY) from both strata, between 2006 and 2010, giving an incidence rate of 98 per 1,000 PY. The overall incidence rate was 113 and 71 per 1,000 PY in the lowland and highland villages respectively. After adjusting for the effect of year, the incidence rates were significantly higher in lowlands by 32% (95% CI: 27-37, p < 0.001) compared to highlands. Generally, malaria incidence increased between 2006 and 2007, thereafter decreased consistently across the years in all age groups and in both strata (Table 3) . A remarkable decline in malaria incidence was observed between 2008 and 2009. Between 2006 and 2008, the highest incidence of malaria was observed in children aged nought to nine years in both lowland and highland villages, but progressively shifted to individuals aged 10-19 years from 2009 onwards ( Table 3) .
Discussion
In most malaria endemic areas, diagnostic facilities are commonly unavailable and fever has, for a long time, been used to initiate anti-malarial treatment [23, 24] . However, the applicability of fever as a point to start treatment for malaria might be problematic [23] , mainly due to the recent introduction of artemisinin combination therapy (ACT), which is expensive compared to drugs which were commonly used in the past [10, 25] . Furthermore, reports of changing patterns of malaria epidemiology with low burden of the disease in areas which were holo/hyperendemic to malaria, imply that correct diagnosis of malaria is critical to prevent over-diagnosis and over-treatment with ACT [8] . Misdiagnosis and delays to seek treatment have also been identified among the main causes of deaths due to malaria [13] . The Roll Back Malaria Initiative recommends Table 2 Number of cases aged five years and above treated with anti-malarials before and after introduction of RDTs early case management, based on early diagnosis and treatment within 24 hours of onset of initial symptoms of malaria, as the best strategy to halt the progression of malaria infection to severe form of the disease [3] . This study was initiated in 2006 in four villages with varying malaria transmission in Korogwe district, northeastern Tanzania, using community-owned resource persons (CORPs) to provide early diagnosis and treatment of malaria, and collect data for estimation of malaria burden. The findings show that about 80% of the cases attended by CORPs over a period of five years had no malaria parasites. However, cases with fever among under-fives and those aged five years and above remained high throughout the study period despite decreasing slide positivity rates. The low slide positivity rates could be due to the declining malaria burden in the study areas [26] . Furthermore, cases attended by CORPs did not decline as for the slide positivity rates, thus most of the fevers could possibly be due to other infections [27] [28] [29] [30] . Studies conducted in this and other areas of north-eastern Tanzania have shown low slide positivity rates for malaria and bacterial infections among children with severe febrile illnesses, suggesting that the causes of most fevers are not clearly known [28] [29] [30] [31] [32] (and C Mahende, pers. comm.).
In order to minimize over-treatment with expensive ACT, WHO recommends that the drugs should be prescribed to laboratory-confirmed cases only, using microscopy or RDTs [10] . In areas without laboratory capacity and with limited access to health facilities, RDTs remain the only option for malaria diagnosis. Introduction of RDTs in the study villages resulted in a significant reduction in consumption of AL among cases aged five years and above, both in the lowlands and highlands. Since the number of cases with fever among under-fives remained high, these were treated with AL based on IMCI guidelines irrespective of RDT results, leading to unnecessary use of the drugs by treating majority of cases with slide negative results. Despite low accuracy of RDTs used in this study [22] , their use by CORPs reduced over-treatment and thus consumption of AL.
The increase in malaria incidence reported between 2006 and 2007, which was also associated with high slide positivity rates, was possibly due to abnormal and extended short rains towards the end of 2006. The consistent decrease of malaria incidence in both lowlands and highlands from 2008 onwards, indicates that the burden of malaria has indeed declined as reported elsewhere [26] . Furthermore, the results revealed that the slide positivity rates were similar (6%) in both lowland and highland villages from 2009 onwards. Ongoing studies in these villages have also shown that the slide positivity rates further declined, reaching 5.9% in the lowland and 1.2% in highland villages by December 2011 (F Francis, pers. comm.). However, previous studies conducted in the same and nearby areas had shown that highlands had low malaria transmission compared to lowlands [12, 33, 34] . The current situation indicates that there is a remarkable changing pattern of malaria and these areas might be moving from control to pre-elimination levels [35] . A progressive shift of malaria incidence from children under 10 years of age to those aged 10-19 years observed from 2009 onwards could possibly be due to low exposure to infections and delayed development of anti-malarial immunity [36, 37] . Previous studies conducted in lowland and highland areas of north-eastern Tanzania, reported that the highest burden of malaria involved under-fives while the peak parasite prevalence in areas of high malaria transmission occurred in children aged five to nine years [38] . Similar findings have been reported in other malaria endemic areas [39] , and it is attributed to early development of acquired immunity resulting from early exposure to malaria infections. The current shift of malaria burden to older individuals further indicates that the burden of malaria has significantly declined leading to low and delayed development of acquired immunity in the local population. This suggests that individuals from these areas might be highly susceptible to malaria outbreaks. Thus, more efforts are needed to sustain these achievements and reduce the impact of malaria outbreak, which could potentially occur.
The overall performance was good and did not differ among the CORPs, during the five years of follow-up. This could be attributed to the support that was consistently given to CORPs during supervision, whereby individual performance was assessed and problems were discussed and resolved. As shown elsewhere, CORPs in this study had high performance on malaria diagnosis using RDTs and adherence to test results [22] . Studies conducted elsewhere have shown that proper training and adequate supervision of community health workers and other health staff are critical and can potentially lead to high level of performance in different programmes, including home management of febrile cases [40] . Increased number of cases referred to health facilities after introduction of RDTs and AL might be due to adherence of CORPs to RDT results whereby individuals aged five years and above with negative tests were not given anti-malarials. Although CORPs were able to refer patients to health facilities as directed by SOPs, followup of referred cases was not done due to the limitations associated with the design of this study.
Conclusions
This study showed that when provided with basic training, supervision and simple diagnostic tools, CORPs can provide early diagnosis and treatment at community level, and therefore reduce consumption of antimalarials. The progressive decline of malaria incidence and slide positivity rates among cases of all age groups in both lowland and highland villages, suggests that treatment guidelines need to be urgently revised so that all cases can be tested with RDTs before treatment is given. Given the number of cases with fever reporting to CORPs has not declined despite low burden of malaria, further surveillance by passive case detection (PCD) of febrile illnesses is still needed in order to provide an opportunity to identify other sources of fever in the study communities. Furthermore, data collected by CORPs can be used for monitoring and evaluation of different interventions and millennium development goals (MDGs) related to malaria.
